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[57] ~ ABSTRACT

The present invention relates to a device in which a
laser medium in a discharge $pace is excited by a dis-
charge. The device includes a positive electrode and a
plurality of negative electrodes in opposition, con-
nected to a simmer power source and a main discharge
power source. There is also a plurality of first stabilized

resistances, which restrict the current of the simmer

power source, each of which is respectively connected
to one of the negative electrodes. There is also a plural-
ity of first reverse current prevention elements, each of
which is connected to the main discharge power source,
and connected in parallel with one of the first stabilized

resistances.

6 Claims, 3 Drawing Figures
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1
GAS LASER DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gas laser device,
and more particularly to a discharge circuit for a gas
laser device. |

2. Description of the Present Art

A discharge circuit for a gas laser device, briefly
described, usually comprises a positive electrode, con-
nected to a source of DC power, opposing a plurality of
negative electrodes, with a stabilized resistance con-
nected in series with each negative electrode respec-
tively. In a discharge circuit of this configuration there
are no particular problems during continuous discharge.
However, in order to carry out a pulse discharge, when
a source of pulsed power is used in place of the previ-
ously mentioned source of DC power, the discharge is
intermittent, so that the onset of the discharge current is
delayed, causing the build up time to be extremely long.
Accordingly, in the case where a rectangular wave-
form, for example, is used as an electric power pulse
wave, the onset of the discharge current is considerably
delayed and the wave form breaks down.

In order to reduce the delay in the onset of the above
mentioned discharge current, conventionally, an ex-
tremely weak discharge of current at a level where laser
generation does not occur, known as a simmer dis-
charge, is always maintained between the positive and
negative electrodes. The pulse voltage is accumulated
in this status and the pulse discharge is carried out in the
usual manner. In a circuit which performs this type of
pulse discharge, a positive electrode is connected to
both the simmer and pulse power sources and a plural-
ity of negative electrodes are positioned in opposition.
One of a plurality of stabilized resistances for simmer
use is connected in series to each of the negative elec-
trodes, and one of a plurality of stabilized resistances for
pulse use, connected to the pulse power source, is cOn-
nected in parallel to each. The stabilized resistance for
simmer use is put at a value of several times that of the
abovementioned stabilized resistance for pulse use, to
make the simmer current sufficiently smaller than the
pulse current.

In a conventional circuit with a configuration such as
outlined above, the simmer power and pulse power,
when OFF, have a rather high internal impedance. The
pulse power is maintained in OFF status and the simmer
power is turned ON first. The voltage of the simmer
power increases, and when it exceeds the initial dis-
charge voltage between the positive and negative elec-
trodes, discharge commences between the positive elec-
trode and one suitable negative electrode. when this
discharge commences, current flows between the posi-
tive electrode and that one suitable negative electrode,
and the voltage between the positive electrode and that
one suitable negative electrode becomes the discharge
support voltage, which has dropped from the initial
value by the product of the stabilized simmer resistance
and the amperage. This discharge support voltage 1s
considerably lower than the initial discharge voltage.

In this manner, the current which fiows from the
positive electrode and that one suitable negative elec-
trode passes through the stabilized simmer resistance
connected to that one negative electrode. It then passes
through the parallel circuits of the stabilized pulse resis-
tances and the stabilized simmer resistances connected
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to the other negative electrodes from the parallel stabi-
lized pulse resistances and returns to the simmer power
source. In this case, the voltage between the positive
electrode and those other negative electrodes is just
slightly higher than the voltage between the positive
electrode and that one negative electrode, and is consid-
erably lower than the initial discharge voltage. Accord-
ingly, in order that discharge will take place between
the positive electrode and those other negative elec-
trodes, a large voltage is necessary, with the result that
a large current is necessary.

Because of this, the voltage of the simmer power
source must be extremely high in order to cause a dis-
charge between the positive electrode and those other
negative electrodes, after the discharge takes place be-
tween the positive electrode and that one negative elec-
trode. Specifically, a high voltage and large amperage is
required at the simmer power source, and a large cur-
rent flows between the positive electrode and that one
negative electrode during the interval up to the com-
mencement of discharge between the positive electrode
and those other negative electrodes. Accordingly, a
large amperage is necessary to obtain a discharge be-
tween the positive electrode and all the negative elec-
trodes.

However, in actual fact, because an extremely small
amperage at a level where laser generation does not
occur flows at the simmer discharge, the simmer dis-
charge is produced between a number of the negative
electrodes and only one portion of the positive elec-
trode. Accordingly, when the pulse voltage is applied,
it is applied simultaneously between the electrodes in
which the simmer discharge is taking place as well as
the electrodes in which the simmer discharge is not
taking place. In the case where the pulse voltage is
applied between the electrodes in which the simmer
discharge is taking place, the build-up time of the dis-
charge current is small so that the variation between
each pulse is also small. However, in the electrodes in
which the simmer discharge is not taking place, the
build-up time of the discharge current is large so that
the variation between each pulse is also large.

Accordingly, in a conventional circuit in which the
simmer discharge is produced between the positive
electrode and one part of the negative electrodes only,
not between the positive electrode and all the negative
electrodes, the pulse build-up time becomes large for all

pulse discharge currents which are the accumulated

discharge current pulses between the positive electrode
and each negative electrode, respective to the wave-
form of the applied pulse voltage. Furthermore, the
pulse waveform is broken down. With a pulse wave-
form in which the discharge current is broken down in
this way, the pulse output waveform of the laser beam
is also broken down, and, in addition, there is an obsta-
cle in increasing the pulse frequency.

SUMMARY OF THE INVENTION

An object of the present invention is to provide, with
due consideration to the drawbacks of such conven-
tional gas laser devices, a solution to the abovemen-
tioned problems by the provision of a gas laser device In
which the pulse laser is generated with little breakdown
of the pulse waveform.

A second object of the present invention is to provide
a gas laser device in which the voltage of the simmer
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power source can be smaller than the initial discharge
voltage, and the amount of current can be small.
Briefly described, this and other objects of the pres-
ent invention are accomplished by the provision of a gas
laser device comprising a positive electrode connected
to both a simmer power source and a main discharge
power source, a plurality of negative electrodes oppo-
site the positive electrode, a plurality of first stabilized
resistances which limit the amperage of the simmer

power source and are connecied to each of the negative
electrodes; a plurality of second stabilized resistances

which limit the amperage of the main discharge power
source and are connected in parallel with each of the
first stabilized resistances, and a plurality of reverse
current prevention elements connected in series with

the second stabilized resistances. In this way, because of

the configuration in which a reverse current prevention
element is connected in series with each of the second
stabilized resistances, when, for example, a simmer dis-
charge is generated between the positive electrode and
one suitable negative electrode, there is no current
flowing in the reverse direction in the second stabilized
resistances connected to the other adjacent negative
~ electrodes, so that there is no effect on the initial dis-
charge between the positive electrode and those other
negative electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of
the present invention will become more apparent from
the following description of a preferred embodiment
taken in conjunction with the accompanying drawings,
in which:

F1G.1 is a schematic explanatory drawing showing a
first embodiment of the present invention.

FIG.2 1s an explanatory drawing showing the correct
pulse discharge current waveform for the voltage
waveform of the pulse power source.

F1G.3 is a schematic explanatory drawing showing a
second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Following 1s a description of the preferred embodi-
ment of the present invention, with reference to the
drawings.

Now referring to FI1G.1, a gas laser device 1 is pro-
vided with a positive electrode A in opposition to a
plurality of negative electrodes K1 to K5, and 1s also
provided with a total reflecting mirror 3 and a reflect-
ing mirror 5. In addition, although not shown because a
detailed representation of the gas laser device 1 has been
omitted from the drawing, a laser gas feed device which
feeds a laser gas from a mixture of gases such as, for
example, CO7, Ny, He, and the like, between the posi-

tive electrode A and the negative electrodes K to K3,

and a laser gas recycling device are also provided.
The positive elecirode A and the negative electrodes
K; to K5 are connected, respectively, to a simmer
power source ES and a main discharge power source
EM. More specifically, each of the negative electrodes
K1 to Ks is connected in series 10 the simmer power
source ES through one of the first stabilized resistances
RS1 to RSS respectively. In addition, each of the nega-
tive electrodes K to K5 is connected to the main dis-
charge power source EM through one of the second
stabilized resistances RM1 to RMS, which are con-
nected in parallel to the first resistances RS1 to RSS.
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Furthermore, one element respectively of a plurlity of
reverse current prevention elements Dy to Ds, which
could be, for example, diodes, 1s connected in series
with each of the second stabilized resistances RM1 to
RMS3. In this embodiment of the present invention, the
reverse current prevention elements D to Ds are repre-
sented as diodes. However, this 1s in no way restrictive,
and other types of elements such as, for example, tran-
sistors, can also be used.

In the above type of configuration, a simmer dis-
charge is produced between the positive electrode A

and a suitable negative electrode, for example K, and
when a simmer discharge is not produced between the
positive electrode A and the other negative electrodes
Kj to Ks, the current which flows from the positive
electrode A to the negative electrode K passes through
the first stabilized resistance RS1 and returns to the
simmer power source ES. At that time, one part of the
current passes through the second stabilized resistance
RM1 and the reverse current prevention element D1,
and has a tendency to flow through the other second
stabilized resistances RM2 to RMS5. However, because
one of the reverse current prevention elements D2 to
D5 is respectively connected to each of the second
stabilized resistances RM2 to RMS, the current does not
flow 1n these second stabilized resistances RM2 to RMS.

Accordingly, even in the case where a simmer dis-
charge is produced between the positive electrode A
and a suitable negative electrode, for example Kj, the
voltage between the positive electrode A and the other
second stabilized resistances RM2 to RMS is maintained
at the voltage of the simmer power source ES. Thus,
the voltage of the simmer power source ES is adequate
as the discharge initial voltage to initiate a simmer dis-
charge, and the current capacity of the simmer power
source can be small.

Specifically, even with a minute degree of electric
current at a level where laser generation does not occur,
a simmer discharge is possible between the positive
electrode A and each of the negative electrodes K to
K. Accordingly, when using the main discharge power
source EM for a pulse power source, a pulse voltage is
loaded between the positive electrode A and the nega-
tive electrodes K to K5, as shown in FIG. 2, and the
pulse build-up time t;, tz of the pulse discharge current
waveform P’ is extremely small respective to the volt-
age waveform P of the pulse power source, and is a
precise pulse waveform. In this way, because of the fact
that the pulse discharge current waveform P’ is a pre-
cise pulse waveform, the output waveform of the laser
beam also becomes a precise waveform, and, 1n addi-
tion, the pulse frequency can be high.

FIG. 3 shows a second embodiment of the present
invention. This embodiment differs from the embodi-
ment illustrated in FIG. 1 inasmuch as each of the first
stabilized resistances RS1 to RSS has a reverse current
prevention factor, respectively IDs to Ds, connected in
series. The balance of this configuration is identical to
that of the first embodiment. The action and results of
this second embodiment are the same as that of the first
embodiment, and, in addition, the discharge from the
main discharge power source EM is more stabilized.

As can be understood from the above explanation of
the embodiments, by means of the present invention, the
voltage of the simmer power source can be lower than
the initial discharge voltage and the amount of current
can be small. In addition, when a pulse power source 1s
used as the main discharge power source, a precise
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pulse waveform with extremely small breakdown of the
pulse discharge current waveform is possible, and it is
possible to obtain a laser beam output waveform as a
precise pulse waveform.

Furthermore, the present invention is not limited to
the embodiments which have been described in way of
explanation. A wide variety of modifications is possible,
and the present invention can be implemented in other
modes. For example, the first stabilized resistances and
the second stabilized resistances can be connected 1n
series, or a third set of stabilized resistances can be
connected in addition to the negative electrodes, etc.

What is claimed 1s:

1. A gas laser device, in which a laser medium in a
discharge space, is excited by means of a discharge,
comprising:

a positive electrode and a plurality of negative elec-
trodes in opposition, connected to a simmer power
source and a main discharge power source;

a plurality of first stabilized resistances, which restrict
the current of the simmer power source, each of
which is connected to one of the negative elec-
trodes; and |

a plurality of first reverse current prevention ele-
ments, each of which is connected to the main
discharge power source and connected in parallel
with one of the first stabilized resistances.

2. The gas laser device of claim 1 further comprising:

a plurality of second stabilized resistances which limit
the current of the main discharge power, each of
which is connected in parallel with the one of the
first stabilized resistances; said reverse current pre-
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vention elements, being connected in series with
the second stabilized resistances.

3. The gas laser device of claim 1, wherein a plurality
of second reverse current prevention elements are con-
nected in series with the first stabilized resistances.

4. A gas laser device, comprising: |

a positive electrode mounted in a discharge space and
connected to a simmer power source and a main
discharge power source;

a plurality of negative electrodes opposite the posi-
tive electrode and connected to the simmer power
source and the main discharge power source;

a plurality of first stabilized resistance means, each of
which is connected in series between the simmer
power source and one of the negative electrodes
for restricting the current of the simmer power
SOUrce;

a plurality of second stabilized resistance means, each
of which is connected in series between the main
discharge power source and one of the negative
electrodes for restricting the current of the main
power source; and |

a plurality of first reverse current prevention devices,
each of which is connected in series between the
main discharge power source and a respective sec-
ond stabilized resistance means.

5. The gas laser device according to claim 4, further
comprising a plurality of second reverse current pre-
vention devices, each of which is connected in series
between the simmer power source and a respective first
stabilized resistance means.

6. The gas laser device according to claim 4, wherein
the first and second stabilized resistance means are con-

nected in parallel with each other.
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